, non-diabetic) into two groups: nutrition counselling and control. Each subject in the intervention group received three individualised nutritional counselling sessions during the first 6 months aimed at increasing intakes of fruits, vegetables and olive oil, reducing saturated fat and improving physical activity. Body composition, biochemical indicators and lifestyle were assessed at baseline and at 6 months and 1 year in both groups. Results: After 6 months of follow-up, body weight, waist circumference, diastolic blood pressure, fasting blood glucose, total and low-density lipoprotein cholesterol, total and saturated fat, and dietary energy and cholesterol levels showed a more significant decrease among subjects in the intervention group than in the control group (P , 0.05). Moreover, the intervention group showed significantly greater improvement in each intervention goal, such as reduced intake of saturated fat and increased intakes of fruits, vegetables, fibre and olive oil (P , 0.05). After 12 months of follow-up, most of the outcomes were maintained. Conclusions: The low-cost nutritional intervention programme improved serum lipids profile and weight control, and appeared to be feasible for use at a primary healthcare centre in a developing country.
The burden of chronic diseases, especially type 2 diabetes and cardiovascular diseases, is rapidly increasing worldwide. In developing countries, increased rates have been estimated to occur at younger ages, representing an important public health problem 1 . As is the case for many developing countries, the joint effects of changes in lifestyle and ageing of the population are the main risk factors for type 2 diabetes and other chronic diseases in the Brazilian population 2 . The Diabetes Prevention Program (DPP) 3 and The Finnish Diabetes Prevention Study (DPS) 4 have reported convincing evidence that type 2 diabetes can be prevented by the adoption of a healthy lifestyle in overweight subjects with impaired glucose tolerance. Although intensive lifestyle intervention can result in significant improvements in a range of clinical and metabolic variables, it is uncertain whether nutritional intervention programmes that require fewer resources than those provided in the DPP or DPS, being feasible in the health-care systems of developing countries, are effective in achieving weight reduction, increased physical activity and improved quality of life 5 . We carried out a randomised controlled trial to investigate the effect of a 6-month primary-care intervention in nondiabetic adults. In the current study we tested the hypothesis that low-cost individualised nutritional counselling addressing the primary prevention of type 2 diabetes and other chronic diseases would: (1) improve weight control and serum lipids profile; (2) improve patterns of food intake and physical activity; and (3) be feasible at a primary health-care unit in a developing country.
Research design and methods

Screening and recruitment
Study subjects were recruited primarily through the screening of members of high-risk groups, such as overweight/obese adults or first-degree relatives of patients with type 2 diabetes. Advertisements were also used to recruit the study subjects. Eligibility criteria included age of 30 -65 years, body mass index (BMI) of 24 -35 kg m 22 , and non-diabetic status based on 1998
World Health Organization (WHO) criteria 6 . The exclusion criteria included a prior diagnosis of type 2 diabetes, cardiovascular, kidney, liver, thyroid or renal diseases, endocrine disorders, cancer or AIDS; use of medications that may influence lipid or carbohydrate metabolism (thiazide diuretics, beta-blockers, glucocorticoids, weightloss medications, thyroid hormone or hypolipidaemic medications); pregnancy or childbearing; weight loss . 10% in the past 6 months; systolic blood pressure . 180 mmHg or diastolic blood pressure . 105 mmHg; excessive alcohol intake; fasting plasma triglycerides . 600 mg dl
21
; close contact with individuals included in the study; and illiteracy.
Study protocol
Of the 259 volunteers (203 women, 56 men) contacted from April 2000 to March 2001, 104 eligible subjects were randomly assigned with stratification by sex and glucose tolerance status. A number was assigned to each participant. Then, numbers were selected at random to one of the two treatment groups. Excluded individuals with BMI . 35 kg m
22
, diabetes or other diseases were assigned to specific medical assistance. All participants were blinded to treatment assignment for the duration of the study. However, the staff members involved in the intervention had to be aware of the group assignment. The protocol was reviewed and approved by the Ethics Committee of the School of Medicine of São José do Rio Preto and written informed consent was obtained from each participant.
At baseline, a health check was performed by the staff research members, and all participants received written information and a 30 min group session addressing the importance of a healthy lifestyle, which is the usual primary care given to overweight adults.
Subjects in the control group were scheduled for further health checks at 6 months and 1 year after baseline. Participants in the control group did not receive any individualised intervention during follow-up but received the same health check and blood sampling as the intervention group. At the end of the study, individuals in the control group started to receive individualised nutritional counselling.
Subjects in the intervention group were scheduled for three individualised dietary counselling sessions during the first 6 months of intensive lifestyle intervention and further health checks at 6 months and 1 year from baseline. The intervention group received a diet prescription provided by a nutritionist with a food exchange list and was encouraged to practise at least 30 min of walking per day. and keeping the consumption of total fat around 30% of energy without emphasis on total energy restriction. The subjects were encouraged to reduce their consumption of sweets and fried foods. After the second health check, 6 months from baseline, the subjects did not receive any further intervention. The sample size (at least 50 subjects in the intervention group) was based on detecting an improvement in serum lipid profile (at least 7-10% reduction in total cholesterol) at 80% power with a two-tailed level of significance of 5%.
Assessments
During the health checks, anthropometric measures, biochemical indicators, lifestyle (dietary intake and physical activity) and demographic variables were assessed at baseline and after 6 months and 1 year. Age, gender and other demographic variables were obtained using a structured questionnaire. Food consumption was assessed using a food-frequency questionnaire previously validated and adapted to the present study 7, 8 . Subjects were asked by a trained nutritionist about frequency of consumption of foods (75 items) and portion sizes during the previous month. The nutrient composition of the diets was determined using the Dietsys software 9 version 4.01. Physical activity was assessed by a structured physical activity questionnaire previously evaluated for reproducibility (Spearman coefficients ranging from 0.51 to 0.82, unpublished data). Subjects were asked about frequency and time spent in practices of exercises, sports, leisure-time physical activities, usual work, walking and sedentary activities (such as watching television) during the previous week.
Body weight was measured with subjects wearing light clothing and no shoes using calibrated electronic scales (Plenna, model MEA-07400). Height was measured with a portable stadiometer. Waist circumference was measured at the level of the umbilicus. The average of three measurements of blood pressure using an automatic device (Omron model HEM-712 C; Omron Health Care, USA) with subjects in the sitting position, after a 10 min rest, was used to express systolic and diastolic pressures.
Fasting capillary blood glucose was evaluated using glucose oxidase strips (Glucometer Elite; Bayer). Individuals with fasting capillary glucose less than 200 mg dl 21 underwent a 75 g glucose tolerance test. Fasting and 2 h plasma glucose, and fasting serum levels of total cholesterol, lipoprotein fractions and triglycerides, were measured enzymatically. Glucose tolerance status was based on 1998 WHO criteria 6 .
Statistical analysis
We undertook an intention-to-treat analysis. Two-sided t-tests and chi-square tests were used to analyse differences between groups at baseline and during follow-up. Mean differences in outcomes between intervention and control groups are shown, with the 95% confidence interval (CI). All statistical analyses were carried out using SPSS (version 10.0; SPSS Inc., Woking, Surrey, UK), with the level of significance set at P , 0.05.
Role of the funding source
The sponsors of the study had no role in study design, data collection, data analysis, data interpretation or writing of the report.
Results
A total of 104 subjects (83 women and 21 men, 30 -63 years old) were eligible and completed baseline examinations. Of these, 80 subjects attended the second examination (6 months after baseline) and 71 subjects attended the third examination (1 year after baseline), as shown in Fig. 1 . At the second evaluation, three participants from the control group were excluded because they were taking medications that influence lipid or glucose metabolism. There were no statistical differences between participants who attended all the evaluations and those lost to follow-up with regard to BMI, age, gender, income or glucose tolerance status. The drop-out rates, 20% for the second and 30% for the third evaluation, were similar to those reported in a previous study 10 and were related to work commitments.
At baseline, characteristics and dietary intake of energy and macronutrients were similar between groups (Table 1) . Family history of diabetes was reported by 52 participants (28/24 in the intervention/control group, respectively). The number of participants according to glucose tolerance status for intervention/control groups was 42/43 normal, 3/ 3 impaired fasting glucose, 6/7 impaired glucose tolerance. During the first 6 months of lifestyle counselling, the mean (% of baseline body weight) of weight reduction was 3.1 and of weight gain was 0.4 in the intervention and control groups, respectively. Significantly greater improvements were seen at the 6-month follow-up in waist circumference (22.0% vs. þ0.2%), total cholesterol (212.3% vs. 20.2%), low-density lipoprotein (LDL) cholesterol (215.5% vs. þ4.0%) and fasting plasma glucose (25.6% vs. þ0.1%) in the intervention group compared with the control group (P , 0.05). At 12-month follow-up, when we evaluated maintenance of the changes in anthropometric measures and serum lipids profile, the differences in weight (23.1% vs. þ0.5%) and waist circumference (22.0% vs. þ0.1%) remained greater in the intervention group (P , 0.01). At this time, the reduction in LDL cholesterol levels (213.3%) in the intervention group was significant when compared with baseline data, but not different from the control group. Both groups had reduced serum total cholesterol after a year of follow-up. At 12-month follow-up we observed an increase in diastolic blood pressure of 4.5% in the control group (Table 2) . After 6 and 12 months of follow-up, there Fig. 1 Flow chart of the randomised controlled intervention trial were no differences between groups in glucose tolerance status. The decrease in consumption of total energy, percentage of energy from fat, saturated fat and dietary cholesterol was greater in the intervention than in the control group at the 12-month follow-up (P, 0.04). The consumption of total fibre in the intervention group was significantly greater than in the control group (P ¼ 0.01; data not shown).
The goals of the dietary intervention were more often reached by participants from the intervention group (Table 3) . At 6-and 12-month follow-up, the proportion of subjects in the intervention group who increased their intake of fruits (at least 2 portions day 21 ), use of olive oil and reduced their intake of saturated fat (,10% of energy) was significantly higher than in the control group. For the vegetable intake goal (at least 5 portions day
21
) and the fibre goal (. 15 g daily) the proportion of subjects in the intervention group who achieved success was significantly higher at the 6-month follow-up (P , 0.01). The proportion of individuals who succeeded in achieving the goal of walking (at least 30 min day 21 ) did not differ between groups.
Discussion
The present study provides evidence that nutritional intervention programmes to reduce the risk of type 2 diabetes and related diseases among overweight subjects are feasible at primary health-care centres. A second finding was the significant weight loss and decreased waist circumference, total cholesterol and LDL cholesterol with only three individualised dietary sessions at the 6-month follow-up, suggesting that less intensive lifestyle programmes with reduced resources are effective in changing food consumption and improving metabolic control and quality of life.
One of the limitations of the present study was the short time of follow-up, which may have restricted the ability to detect meaningful long-term differences. Also, the study population came from only one health-care unit and the nutritional counselling was delivered by a single nutritionist, limiting the extrapolation of our results.
However, intervening in overweight Brazilian adults at a health-care unit can be a useful approach, because social, economic and cultural aspects may influence the outcomes of lifestyle change programmes. To our knowledge, no epidemiological research has been carried out thus far to prevent type 2 diabetes in Brazil or other Latin American countries.
There are some reasons to believe that nutritional counselling is effective. First, the data were analysed following the intention-to-treat principle, even though some subjects in the dietary intervention group did not follow the recommendations about healthy lifestyle. Second, at baseline, all participants received written information and a 30 min group session addressing the importance of a healthy lifestyle and the control group may have benefited from that.
In the present study, the mean weight reduction (% of baseline data) during the lifestyle intervention period at 6-month follow-up was modest (23.1%) and lower than that observed in more intensive lifestyle programmes, such as DPP (25.9%), DPS (25.1%) and the study conducted by Wing et al. 10 (25.5% in the diet group). On the other hand, the improvement in total cholesterol (212.3%) in our study after the intervention period was greater than that observed in the DPS (22.3%), in the prevention study of Wing et al. 10 (26.7% in the diet plus exercise group) and in most of the randomised clinical trials with nutritional counselling to lower blood cholesterol in free-living subjects, in which the mean reduction was around 5.5% at 12 months of intervention 11 . The same tendency was observed in the reduction of LDL cholesterol in our study (215.5%) when compared with the study of Wing et al. 10 (29.8% in the diet group and 25.0% in the diet and exercise group) at 6-month follow-up. The highly successful improvement in lipid profile may be attributed to the dietary changes in the intervention group. Besides the reduction in total fat and dietary cholesterol and the increase in the consumption of fruits and vegetables, more than 90% of the population reported the use of olive oil as salad dressing and the consumption of less than 10% of energy from saturated fat. The proportion of individuals who achieved this goal was much higher than that observed in the Finnish DPS at 12-month follow-up (26% of subjects in the intervention group) 12 . This improvement in lipid profile could be responsible for a reduction of about 30 -50% in the risk of cardiovascular diseases 13 and improvement in endothelial function rather than moderate weight loss 14 .
The goal for fibre intake in the Finnish DPS was 15 g/1000 kcal daily and 25% of the intervention group accomplished this consumption. We believe that the main source of fibre for the Finnish population comes from highfibre cereals -an expensive approach for developing countries. In our study, the intervention group was encouraged to increase the intake of fibre (at least 15 g day 21 ) by a higher consumption of foods naturally rich in fibre (such as fruits and vegetables), and about 50% of the subjects reported achieving this goal. Current evidence points to the beneficial effects of eating at least five daily portions of fruits and vegetables on the prevention of cancer and cardiovascular disease.
A randomised clinical trial conducted in the UK investigated the effect of intervention for increasing fruit and vegetable consumption in the health-care system on plasma concentration of antioxidant vitamins, daily fruit and vegetable intake, and blood pressure 15 . At 6-month follow-up, the self-reported fruit and vegetable intake increased by a mean (standard deviation) of 1.4 (1.7) portions in the intervention group. In our study, the reported increase in fruits and vegetables was 2.2 (3.1) portions, and 70% of the individuals in the intervention group reported eating the five portions daily proposed as a goal versus 18% in the control group at the 6-month follow-up (P , 0.001; data not shown).
Besides the non-significant difference between groups in the proportion of subjects achieving the physical activity goal, this proportion in the control group remained the same throughout the study. Among individuals in the intervention group, after 6 and 12 months of follow-up this proportion was double that observed at baseline. Mean walking time for the intervention group was 25 min day 21 , which is enough to reduce the risk to develop cardiovascular diseases 16 . In conclusion, the present study provides evidence that diabetes prevention programmes are effective in changing lifestyle and risk factors for type 2 diabetes in overweight free-living individuals and can be implemented in healthcare systems with lower resources. Data are reported as % of subjects achieving the goal. * P-values for the difference between groups were determined by the chi-square test.
